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A Basic Study of the European Side Impact Characteristics of Electric Vehicle(Il)

ABSTRACT

European side impact analysis of an electric vehicle was done using the robust design method. In order to
minimize VC as well as rib deflection, the injury response table which consists of rib deflection and VC
response table has been introduced. The sensitivities and interactions are almost the same when it was compared
with those of rib deflection and VC response table. Using internal energy of the factors, the starting time of
dummy rib deflection and the contact average velocity, the internal energy and time-velocity response table
were introduced. It is shown that the results of the new response tables have the similar characteristics to those
of the injury response table. It is suggested that the internal energy and time-velocity response table should be

utilized to minimize injuries.
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Table 1 Dummy performance criteria

Item Criteria
—
Head HIC <1000
Chest deflection < 42 mm
Chest
VC < 1.0 m/sec
Pelvis Pubic Symphysis Force <{ 6.0 kN
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Table 2 Control factors

Factor

A - Door overlap percentage

Location | B - B-pillar x-direction location
factor | C - Floor cross member x-direction location
D - Door impact beam z-direction location
E - B-Pillar section property
Stiffness | F - Floor cross member section property
factor | G - Sill side section property

H - Door impact beam section property
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Table 3 Level of factors

Factor Level
1 2 3

A 5% 15%
B (H)150mm Hip-point (-)150mm
C (-)150mm Hip-Point (+)150mm
D Hip-point (H)100mm (-)100 mm
E 2mm 3.lmm 4.5mm
F 2mm 3.lmm 4.5mm
G Imm 1.5mm 2mm
H 2mm 3.5mm Smm

Fig. 2 View of stiffness factors on model
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Table 4 Analysis results

Experiment Injury criteria
No. Rib deflection VC m
casel 95.38 122.42 108.90
case2 97.10 114.67 105.89
case3 105.27 105.00 105.14
cased 128.53 130.25 129.39
cases 88.71 106.53 97.62
caseb 145.65 116.29 130.97
case’7 109.02 77.67 93.35
case8 87.88 65.73 7681 |
case9 63.42 78.66 71.04
casel0 84.65 125.49 105.07
casel | 69.18 90.61 79.90
casel2 62.14 40.04 51.09
casel3 100.79 90.87 95.83
casel4 145.56 168.18 156.87
casel5 133.07 109.82 121.45
casel6 76.84 57.32 67.08
casel7 94.89 102.20 98.55
E casel8 111.91 92.26 102.09 B
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Table 5 Injury response table

Average m by level Level
Factor 1 2 3 max-min

A 102.12 97.88 4.66
B 93.16 122.02 84.82 372
C 99.93 102.61 97.46 5.15
D 101.54 91.48 106.98 15.51
E 112.0 9245 95.55 19.46
F 94.19 111.73 94.09 17.64
G 92.61 10920 . 98.19 16.59
H 101.99 91.78 . 106.23 14.45
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130 Table 6 Analysis of injury
120 A Degree of | Sum of Mean .
S Factor F ratio
. -— A freedom | squares square
£ 1o -5
= A 1 81* 81*
Z 100 a-C
= -e-D B 2 4573 2287 10.21
90 C 2 80* 40*
80 D 2 743* 372%
1 2 3 E 2 1325 663 2.96
Level
. . . F 2 1237 619 2.76
Fig. 3 Injury response for location factors
G 2 855 428 1.91
120 H 2 662* 331%*
Error 0 0 -
10 Total 17 9556 562
_ ——E
e:; - (Error) (7) (1566) (224) |
2 100 G *Indicates the sum of squares added together to form the
= - H pooled error sum of squares shown in parentheses
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Table 7 Analysis of Injury Interactions

] Degree of |  Sum of Mean .
Factor F ratio

' freedom squares square

( BxE 4 236 | 559 2.50 1

| BXF 4 755 | 189 | 0.84 j

| BxG 4 772 | 193 0.86

| ExF 4 306 | 921 | 44 1
EXG 4 4433 | 1108 [ 495 |

| FxG 4 1189 | 207 [ 133

VError) | (7) (1566) | (224) |
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Table 8 Results of S1, Sz, maximum time of VC, T and

Table 10 Response table of S;

Factor |—— Level } Level.
1 T 2 j 3 max-min
A 97.30 | 102.70 5.40
B | 10238 | 10145 | 96.17 | 621
c | 10167 | 9937 | 9896 | 217
D 9820 | 98.83 | 10297 | 4.78
E 11473 | 9536 | 8991 | 24.82
¥ 97.80 | 10197 | 10023 1.74
G | 10350 | 10218 | 9432 | 9.8
| H 10114 | 9823 | 10063 | 292 |
Table 11 Response table of Tiip
Factor ;—I Le\;el 3 m[;:;]i:l
A 96.66 | 103.34 6.68
B }‘ 10348 | 10348 | 93.04 | 1045
| 10223 [ 9847 | 9930 | 376
D 9721 | 9889 | 103.90 | 669
E 11685 | 9555 | 8760 | 29.25
F 9638 | 101.81 | 101.81 | 543
G 9846 | 10474 | 96.80 7.94
tj 10056 | 9721 | 10223 | 501 |

Vive
Internal | Internal Maxi-
El\)z(gt. energy | enerey (;ﬁs) r:::;l: (:1/5)
’ sum(Sy) | sum(Sy) of VC

]
casel | 5043 | 27942 | 34 | 420 | 506
case2 | 5153 | 35180 | 40 | 494 | 313
case3 | 4058 | 38236 | 42 | 544 | 427 |
cased | 4417 | 38119 | 42 | 532 | 623
cases | 4476 | 37918 | 46 | 560 | 6.11
case6 | 5035 | 30410 | 33 | 47.0 | 4.79
case7 | 5997 | 30116 | 34 | 506 | 4.70
case8 | 4900 | 30484 | 48 | 614 | 619
cased | 6471 | 39552 | 52 | 546 | 5.88
casel0 | 4924 | 33231 | 38 | 49.0 ﬂ
casell | 4502 7_31442 [ 35 (a1 [ ass
casel2 | 5907 | 34863 | 42 | 434 | 3.38
casel3 | 3549 | 38700 | 45 [ 558 | 634
caseld | 4150 | 24156 | 28 | 352 | 6.07
casel5 | 4331 | 33444 | 37 | 510 | 5.68

1

casel6 5787 34164 4] 50.6 | 4.65
casel7 | 5035 | 38930 | 46 | 566 | 621
casel8 | 5472 | 31425 | 35 | 458 | 432 |
Ave()| 4956 | 34300 |39.89 | 49.88 507 |

Table 9 Response table of S

Table 12 Response table of Vi

Level Level
Factor 1 2 3 max-min
A 97.88 | 102.12 424
B 100.50 | 11270 | 8680 | 2591
c 10006 | 10511 | 9483 | 1028
D 9978 | 9725 | 10297 5.72
T E 9844 | 9745 | 104.11 5.67
F 10089 | 9714 | 101.97 4.83
G 0294 | 9752 | 109.54 | 16.60
H 10198 | 9744 | 10058 454 |
129} 2k whe o) e 18 A Avte| Hgk
0% 7} 499 & o) HAEE BAD A
148 =2 XEAS st =8

Factor Level T LeveI.
1 ‘ 2 3 max-min
A 101.52 98.48 3.04
B 7936 | 115.89 | 104.95 36.33
C 101.00 | 105.97 93.03 12.94 |
D 110.40 91.91 97.69 18.49
E 96.87 96.11 | 107.02 10.15
F 10500 | 96.57 98.41 8.44
G 102.33 92.89 | 104.78 11.89
H 102.26 9638 | 101.37 5.88
olm, YRR 9} T Tl S 21 9o
oz gi BEYog 8sr] fate] Fagtel
i st A E 2 20000 A W gto 2 Albel St
Sio] wkS #i= Rib 3 VC A 21IA &
4e& # xPahe, S 9hE 3= Rib A E 7 VCY
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Table 13 S-S, response table
——

Level

] 2

’ Level
3 j max-min

Factor

A 9759 | 10241 | 4.82
B 10144 | 10707 | 9148 | 1559
c 100.87 | 10224 | 96.90 534
. D 98.99 98.04 | 102.97 493
| E | 10658 | 964l 97.01 10.18
F | 9935 9955 101.10 1.75
G 9822 | 9985 | 101.93 37
( H 10156 | 97.83 | 100.61 373
130
120
—B
_ o | —-E
S |
100 TA-B
V—Q—E
90
80
1 2 3

Level

Fig. 11 Injury and internal energy response comparison
for B and E factor
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Table 14 Si-Tr, response table

Level

98.07

103.43 5.37

9649 | 9586 | 11.79
| 9s. 99.47 | 101.89 3.25
G 95.71 | 10112 | 103.17 7.46

response table) WS- F & & ¥Wyow Faby
Si-S; BF-§-3 o o] W=7} %8 B-de ¢4
(BR1AP 9} A AZ(EQI2hol] Wit 22 AxtE B
o &t} ol & WS ¥ 1= Table 14~163} v}, A
& REg-E el el A SR E RN S &
o F ratioqt uw} & A 2] &} Table 1734 2},
Table 15 Sy-Vae response table
Level Level
Factor | 5 T—'3 max-min
A 9941 | 10059 | 118
B 90.87 108.57 100.56 17.70
C 101.34 102.66 95.99 6.67
D 104.30 95.37 100.33 8.93
E 105.80 95.74 98.46 10.06
F 101.41 99.27 99.32 2.13
G 102.91 97.54 99,55 5.37
H | 10170 9730 | 101.00 4.40

Table 16 Trp-Vave response table

Level Level

Factor .
1 2 3 max-min

A 99.09 | 1009 s
B 9142 | 10959 | 9899 | 186

C 10162 | 10222 | 9616 | 605

. D 103.81 | 9540 | 100.79 | 8l
| E 10686 | 9583 | 9731 | 11.03
| F 100.70 99.19 | 10011 | 059 |
e 10040 | 9881 | 100.79 1.98
| H 10140 | 9680 | 101.80 5.00

Table 17 Comparison of ANOVA results of new response
table for B and E factor

R tabl F ratio
esponse table
P | B E

Injury 10.21 2.96
S1+S; ] 8.07 422
ST | 9.36 a8l
SetVave | 7.12 245 |

H | 10127 | 9733 | 10140 4.08

BARRS A B B E =2

150

Vvet Trin 7.61 3.28
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Fig. 12 Injury and time-velocity response comparison for B
and E factor
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